Abstract This study examines predictors of smoking cessation in tuberculosis patients with high HIV co-infection rates in a South African primary care setting. Current smokers were randomly allocated to brief motivational interviewing (n = 205) or receipt of a brief message (n = 204). Multi-level logistic regression was performed to identify predictors of sustained 3-and 6-month abstinence and 7-day point prevalence abstinence (PPA) at 1 month, with the facility as a random effect. The intervention was ineffective among smokers with high nicotinedependence at 1 month, but was effective for all smokers over longer periods. Higher baseline self-efficacy predicted the 1-month 7-day PPA, but not sustained abstinence. HIVpositive participants' odds of sustained abstinence were about three times higher than those of their HIV-negative counterparts. Results support a more intensive motivational intervention and/or coping skills' training to increase selfefficacy and abstinence rates. Tobacco cessation services can be introduced in tuberculosis services where high HIV co-infection rates occur.
Introduction
Tobacco smoking approximately doubles the risk of tuberculosis (TB) infection, progression to TB disease and TB mortality (Bates et al., 2007; Lin et al., 2007; Slama et al., 2007) . Moreover, if a patient who is ill with TB continues smoking, it may lead to worse TB treatment outcomes (Bonacci et al., 2013; Jee et al., 2009; Tachfouti et al., 2011) . Smokers who are infected with both TB and HIV face a high risk of smoking-related complications of HIV (Crothers et al., 2005; Helleberg et al., 2013; Marshall et al., 2009; Van Zyl Smit et al., 2010) .
Smoking cessation pilot studies were therefore recently undertaken in TB services in a variety of settings (Awaisu et al., 2011; El Sony et al., 2007; Nichter et al., 2010; Sereno et al., 2012) . In Pakistan, a behavioural smoking cessation intervention (with or without buproprion therapy) was found to be highly effective in helping patients with suspected TB to quit smoking, compared to usual care (Siddiqi et al., 2013) . Moreover, it was found that brief motivational interviewing (MI) delivered by lay health care workers approximately doubled smoking cessation in TB patients in a recent randomised controlled trial in a South African primary health care setting (Louwagie et al., 2014) . However, these trials did not identify the predictors of smoking cessation, which may include socio-economic, smoking-related and psycho-social characteristics.
In individual studies in a variety of non-TB settings, higher socio-economic status, being married, being male and being older have been identified as positive predictors of smoking cessation (Ayo-Yusuf & Szymanski, 2010; Haug et al., 2010; Lee & Kahende, 2007; Nollen et al., 2006) . By contrast, other recent systematic reviews found no consistent evidence that marital status or gender are predictors for successfully quitting smoking (Jarvis et al., 2013; Vangeli et al., 2011) . However, there is some evidence that social grade may exercise a beneficial effect (Vangeli et al., 2011) .
The smoking-related characteristics that are most consistently predictive of failing to quit are several measures of nicotine dependence (Chandola et al., 2004; Ferguson et al., 2003; Harris et al., 2004; Hyland et al., 2006; Vangeli et al., 2011; West et al., 2001) , including the number of cigarettes smoked per day (Cox et al., 2011; Haug et al., 2010; Vangeli et al., 2011; Velicer et al., 2007) . Motivation-related factors (past quit attempts, confidence and motivation to quit, intention to quit and beliefs regarding the health effects of smoking) have also been identified as predictors of cessation in a variety of settings (Ayo-Yusuf & Szymanski, 2010; Cox et al., 2011; Ferguson et al., 2003; Haug et al., 2010; Velicer et al., 2007) . In smokers living with HIV, motivation to quit was found to predict abstinence in two studies (Fuster et al., 2009; LloydRichardson et al., 2009) . However, the large-scale International Tobacco Control Four-Country project and a recent systematic review concluded that motivational factors predict ''quit attempts'' rather than actual future cessation (Borland et al., 2010; Hyland et al., 2006; Vangeli et al., 2011) . Nevertheless, there is evidence that perceived self-efficacy to quit may predict abstinence (Cox et al., 2011; Haug et al., 2010; Hyland et al., 2006; Jardin & Carpenter, 2012) .
The evidence regarding the effects of social support on tobacco abstinence is inconclusive. Baseline social support was not found to be predictive of smoking cessation in a study of African-American light smokers , but other studies found that social support did influence cessation rates (Chandola et al., 2004; Rice et al., 1996) . Changes in social support as a result of the intervention did not mediate the effect of intervention on cessation in two studies (Andrews et al. 2007; Vidrine et al., 2006) , but was an independent predictor of smoking cessation in one of them (Andrews et al., 2007) .
This study, which is based on secondary analysis of data from a recent South African smoking cessation trial in TB patients (Louwagie et al., 2014) , aimed to identify independent predictors of smoking cessation after adjusting for the intervention effect. Identifying predictors of cessation may help to tailor interventions for different target groups in future. Moreover, smoking cessation predictors have been studied only to a limited extent in developing countries and in HIV-positive populations, and even less is known about these predictors in smokers with TB. Furthermore, many smoking cessation trials exclude light smokers (Faseru et al., 2013; Nollen et al., 2006) . Hence, this study sought to examine predictors of smoking cessation among smokers on treatment for TB. In particular, in this study, we hypothesised that socio-economic, demographic, motivational and smoking-related characteristics would predict sustained smoking abstinence at the 3-and 6-month follow-ups, and 7-day point point prevalence abstinence (PPA) at the 1-month follow-up. Furthermore, we hypothesized that having an alcohol problem, using illicit drugs and having low social support would hinder cessation. The effect of being HIV-positive on successful quitting was also investigated, because it was assumed that HIV-positive smokers may encounter more barriers to quitting than their HIV-negative counterparts (Rahmanian et al., 2011) . Lastly, we also explored predictors of having made a 24-h quit attempt by the 1-month follow-up.
Methods

Design
This was a secondary analysis of data obtained from a randomised controlled trial of brief MI for smoking cessation in TB patients at six primary care public facilities, in an informal urban setting in the City of Tshwane Metropolitan Municipality in South Africa. Smokers who were newly diagnosed TB patients and who were seeking TB treatment were randomly assigned either to participate in a once-off brief MI session (Rollnick & Miller, 1995) with a lay health care worker (intervention, n = 205) or to receive a brief cessation message from the TB nurse (control, n = 204). Follow-ups were done on study participants at 1, 3 and 6 months. Allocation was concealed. Details of the study setting, recruitment, intervention, baseline and follow-up measurements have been described in detail elsewhere (Louwagie et al., 2014) .
Participants
Of the 2,411 participants screened for eligibility, 421 were identified as current smokers and 409 consented to randomisation. Eligibility criteria included being 18 years or older, being on TB treatment for \1 month, not being too ill to participate in the study, and being able to understand one of the two languages in which the questionnaire was administered (English and the most commonly used local language).
Predictor variables
Socio-economic and demographic measures included a respondent's sex, age, marital status, education and household income.
Social support was measured by means of the Rand Medical Outcomes Survey Social Support (MOS-SS) questionnaire, a reliable, validated measure with four categories of functional social support (emotional/informational, tangible, affectionate and positive social interaction) (Sherbourne & Stewart, 1991) . The 19 items are rated on a 5-point Likert-type scale with responses ranging from ''none of the time'' to ''all of the time''.
The Cut-down, Annoyed, Guilt, Eye-opener (CAGE) questionnaire, a validated brief screening tool (Dhalla & Kopec, 2007) , was used to identify respondents with a possible alcohol problem. Illicit drug use was measured by enquiring about the use of a range of commonly used illicit substances: marijuana, cocaine/crack, metamphetamine and other (not listed) substances. Answers to these questions were grouped in ''yes''/''no'' categories for any type of drug use.
Questions regarding tobacco use were adapted from the Global Adult Tobacco Survey questionnaire (Global Adult Tobacco Survey Collaborative Group, 2010). Participants were asked whether they were currently smoking ''daily'', ''less than daily'' or ''not at all'' (with ''current'' smoking being specified as any smoking in this past month). We also measured the age at which smokers started, the frequency and duration of tobacco use, participants' quit attempt history, confidence and motivation to quit (Rollnick et al., 1997) and stage of change (Prochaska & DiClemente, 1983) .
Self-efficacy (efficacy expectation) is ''the conviction that one can successfully execute the behaviour required to produce the outcome'' (Bandura, 1977) . Self-efficacy was measured by means of a 9-item short-form self-efficacy scale which measures confidence to abstain from smoking in positive affect/social situations, negative affect situations and habitual craving situations (Velicer et al., 1990) .
Nicotine dependence was assessed using the Heaviness of Smoking Index, a 2-item shortened validated version of the Fagerstrom Test for Nicotine Dependence, where a score higher than or equal to 4 indicates high dependence (De Leon et al., 2003) .
Outcome variables
Our main outcome of interest was ''self-reported 6-month sustained abstinence''. We also ran separate models to determine the predictors of 3-month sustained abstinence and of a 7-day PPA at the 1-month follow-up, because some baseline predictors may have short-term effects only. In addition, we ran a separate model for predictors of having made a 24-h quit attempt by the 1-month follow-up. A quit attempt was defined as not smoking for 24 h or more, with the intention to quit.
Self-reports were biochemically verified with the piCO + Smokerlyzer carbon monoxide monitor (Bedfont Scientific Ltd, Maidstone, United Kingdom) in about half the respondents. The three available exhaled carbon monoxide monitors were rotated to half of the clinics, and changed over to the other half every second month. For the subgroup of participants who were offered carbon monoxide testing, self-reported abstinence was considered confirmed if the exhaled carbon monoxide levels were below 10 parts per million (West et al., 2005) . However, for the predictor analysis, results were based on self-reports, as the sample size of biochemically verified results was too small for predictor analysis.
Statistical procedures
After double data entry and comparison, results were analysed using the Stata statistical package version 12 (Stata Corporation, 2011). Primary data analysis was by intention to treat, and participants lost to follow-up were classified as continued smokers. The 7-day PPA at 1 month, and the 3-and 6-month sustained abstinence rates were first compared by potential predictor variables, using Chi square tests for categorical variables and the Wilcoxon rank sum or a Student's t test for numerical variables, as appropriate.
For the multivariate analysis, we used mixed modelling logistic regression with the health facility as the random effect. All variables with a p value \0.25 in the univariate analysis were entered in the initial model (Vittinghoff et al., 2012) , plus interaction variables (interaction between the intervention and nicotine dependence, and between the intervention and other variables). The least significant variables were removed, manually, one by one, until only variables with a p value \0.10 remained in the model. At each step, likelihood tests were used to compare the more parsimonious model with the previous model. The intervention arm was, however, forced into all the models, even where it did not remain significant.
Ethical considerations
The original trial was registered in the South African (DOH-27-0811-3539) and the Pan African (PACTR20131 1000695277) Clinical Trials Register and was approved by the Ethics Committee of the University of Pretoria (Protocol 116/2011). Funders had no influence on the data collection, analysis or reporting.
Results
The characteristics of the trial participants are presented in Table 1 . Nine out of 10 smokers were male, only about 15 % had completed high school and nearly 85 % lived in a household with total monthly earnings of Zar 2,500 or less (about 287 US dollars). Nearly four out of five were HIV-positive and about half had a possible alcohol problem (a CAGE score C 2). The median number of cigarettes smoked was low (8, interquartile range 5-13), but about one-fifth of the participants showed signs of high nicotine dependence (Heaviness of Smoking Index C 4). Smokers appeared highly motivated to quit and were confident that they could do so when measured on a 10-point scale, but their self-efficacy scores were somewhat lower (median 25, interquartile range 18-36).
Self-reported abstinence was 28.6, 19.1, and 15.4 % at the 1-, 3-and 6-month follow-ups respectively in the intention to treat analysis. As expected, self-reported abstinence rates were slightly higher in the per protocol analysis. However, they were similar for those who were offered carbon monoxide testing and for those not offered testing. The vast majority of self-reported abstainers (91.4, 86.1, and 94.6 % at 1, 3 and 6 months respectively) had an exhaled carbon monoxide level below 10 parts per million (see Table 2 ).
In the univariate analysis (see Tables 3, 4) , quit rates differed somewhat by HIV status at all three follow-up times: HIV-positive participants and those with unknown HIV status were more likely to quit than their HIV-negative counterparts (30.9 and 26.5 vs. 16.4% at 1 month, 20.9 and 20.6 vs. 7.3 % at 3 months, and 16.9 and 17.7 vs. 5.5 % at 6 months). Self-efficacy was associated with 7-day PPA at the 1-month follow-up. Smokers with high nicotine dependence were less likely to quit than those with low nicotine dependence by the 1-month follow-up, but this effect was not sustained beyond this point in time. Ranking of motivation and confidence scores was slightly higher in participants with 7-day PPA at the 1-month follow-up, but this was not the case for longer follow-up periods.
In multivariate analysis of the predictors of 7-day PPA at the 1-month follow-up, there was significant interaction between receiving the intervention (MI) and participants' nicotine dependence status. We therefore had to stratify factors associated with smoking cessation outcomes at the 1-month follow-up by nicotine dependence status. We found that MI intervention was only effective for those who were categorised as having low nicotine dependence [odds ratio (OR) 3.01 (1.74; 5.21)]. Furthermore, being HIV-positive was also only associated with abstinence among smokers with low nicotine dependence (OR 3.58, 95 % CI 1.31; 9.78). However, baseline self-efficacy to quit was associated with 7-day PPA at the 1-month followup, irrespective of participants' nicotine dependence status [OR 1.03, (95 % CI 1.01; 1.06) and OR 1.08 (95 % CI 1.01; 1.14) for low-dependent and high-dependent smokers respectively] (see Table 5 ). Confidence about being able to quit smoking at the baseline was not retained in the model: the association between confidence and abstinence found in the univariate analysis was confounded by self-efficacy to quit.
For the 3-and 6-month multivariate models, sustained abstinence was higher among those who received MI, and among those who were HIV-positive [OR 3.73, (95 % CI 1.11; 12.58) and OR 3.17, (95 % CI 0.93; 10.77) for the 3-and 6-month follow-ups respectively], irrespective of their level of nicotine dependence at the baseline. Selfefficacy was marginally associated with prolonged abstinence at the 3-month follow-up (see Table 5 ).
The independent predictors of having made a quit attempt by the time of the first follow-up at 1 month were being married (OR 2.15, 95 % CI 1.16; 3.98), high nicotine dependence (OR 0.49, 95 % CI 0.27; 0.89), and smoking ITT analysis = intention to treat analysis: all respondents who did not provide follow-up data at that time were counted as continued smokers; PP = per protocol analysis: respondents not followed-up at that time were excluded from the analysis in the numerator and denominator initiation at an older age (OR 0.93, 95 % CI 0.89; 0.98). Stronger beliefs in the harmful effects of smoking were marginally associated with quit attempts (p = 0.092) (see Table 6 ).
Discussion
This study's findings show that self-efficacy and HIV-status predicted abstinence independently from the MI intervention. However baseline motivational factors and nicotine dependence did not predict quitting. The absence of effects from motivational factors on abstinence is consistent with findings from some (West et al., 2001; Hyland et al., 2006; Vangeli et al., 2011) , but not all studies (Jardin & Carpenter, 2012) . Notwithstanding this, motivational factors may be important predictors of quit attempts (West et al., 2001; Hyland et al., 2006; Vangeli et al., 2011) . Higher self-efficacy to refrain from smoking predicted 7-day PPA at the 1-month follow-up, and marginally at the 3-month follow-up. The effect of self-efficacy on quitting is consistent with the literature (Cox et al., 2011; Haug et al., 2010; Hyland et al., 2006; Jardin & Carpenter, 2012) . However, this effect was not sustained at the 6-month follow-up. This may indicate that self-efficacy at the baseline is helpful in achieving short-term abstinence, but is not sufficient to ensure long-term cessation.
One of the methods of increasing self-efficacy could be to teach coping skills to clients with substance use disorders. It is generally accepted that better coping skills increase the likelihood of experiencing success in abstaining from substance use, and this experience of mastery may in turn enhance perceived self-efficacy (Kadden & Litt, 2011) . Behavioural homework assignments are one of the techniques used that may be helpful in this context (Kazantzis & Lampropoulos, 2002) . In addition to coping skills training, Kadden and Litt (2011) briefly discuss two other possible methods to enhance self-efficacy, namely MI and participation in a 12-step programme, such as the Alcoholics Anonymous programme. MI includes an element of ''supporting self-efficacy'' (Rollnick & Miller, 1995) , but a drawback of MI is that it includes few explicit instructions on how to accomplish increased self-efficacy (Kadden & Litt, 2011) .
In the South African context, there is a dearth of studies that evaluate the effects of coping skills training on tobacco smoking and/or substance use. In a cluster randomised controlled trial adopted in 14 TB clinics in South Africa 9 (7-10) 9 (7-10) 0.056 9 (7-10) 9 (7-10) 0.607 9 (7-10) 9 (7-10) 0.559
Confidence d 9 (6-10) 9 (6-10) 0.034 e 9 (6-10) 9 (6-10) 0.389 9 (6-10) 9 (6-10) 0.350 Belief-score g 7 (7-9) 8 (7-9) 0.566 8 (7-9) 7 (7-9) 0.748 8 (7-9) 7 (7-9) 0.997 PPA = point prevalence abstinence; IQR = interquartile range; Results for age are not presented in this and aimed at reducing problem drinking, no difference was found between the Information-Motivation-Behavioural Skill group and the control group (Peltzer et al., 2013) . Our study participants were a vulnerable group of low socioeconomic status, dealing with several co-morbidities (tobacco smoking, tuberculosis, being HIV-positive, and in some cases also illicit drug use). Any coping skills training would have to be specifically designed to deal with the complex interrelationships of these conditions. TB patients often need coping skills to adhere to prescribed medication (for TB treatment and for antiretroviral treatment if they are HIV-positive). Moreover, they may need skills to abstain from smoking and illicit drug use and to deal with stigma and practise safe sex. An alternative to coping skills training would be to provide a more intensive MI intervention, in particular, follow-up sessions aimed at increasing motivation and/or self-efficacy, depending on the client's stage of change. Furthermore, separate counselling sessions may be needed for each individual health-related problem. Nicotine dependence is a well-established risk factor for failing to quit (Chandola et al., 2004; Ferguson et al., 2003; Harris et al., 2004; Hyland et al., 2006; Vangeli et al., 2011) . Somewhat in contrast to this, we did not find that high nicotine dependence was a predictor of sustained smoking abstinence in our study. This cannot be attributed All variables with a p value \0.25 in the univariate analysis were entered in the initial models and retained if there was a p value \0.10 in the stepwise backward elimination. The intervention arm was forced in all three models. At the 1-month follow-up, the other variables entered in the initial model were: alcohol problem, HIV status, age of study participant, HSI, self-efficacy, age at which smoking was started, confidence score and interaction between intervention and HSI. The motivation score was not included because of collinearity with the confidence score. At the 3-month follow-up, these variables were: household income, illicit drug use, HIV status, HSI, social support, self-efficacy and age at which smoking was started. Number of cigarettes smoked was not included because of collinearity with the HSI. At the 6-month follow-up, these variables were: household income, illicit drug use, HIV status, HSI. Variables entered in the initial model were: intervention (MI), sex, marital status, nicotine dependence, MOS-social support score, age at which the participant started smoking, confidence score, belief score, age, self-efficacy to selective attrition of nicotine-dependent smokers, as loss to follow-up was similar for smokers with high and smokers with low nicotine dependence. There was, however, evidence that high nicotine dependence modified the effect of the MI intervention, whereby MI was only effective for smokers who were not nicotine-dependent at the 1-month follow-up. The differential effect of MI on smoking cessation in nicotine-dependent smokers in our study may mean that this group would derive some benefit from pharmacotherapy in addition to behavioural counselling. It should, however, be noted that only one in five smokers (21 %) could be categorised as being nicotinedependent. Behavioural interventions would therefore be an effective intervention for four-fifths of the smokers in the studied population. It is also important to take into account that the majority of our participants were light smokers. The low number of cigarettes smoked reported here is in keeping with results from general population surveys in South Africa (Ayo-Yusuf & Agaku, 2014; Peer et al., 2009) . Pharmacotherapy may in fact not confer any additional beneficial effect over and above the behavioural intervention for such smokers (Ahluwalia et al., 2006) or may only have an effect on short-term abstinence (Faseru et al., 2013) . Married participants had higher odds of making a quit attempt than their counterparts. Nicotine-dependent participants and those who started smoking at an older age were less likely to have succeeded in a quit attempt. The effect of nicotine dependence on quit attempts is in line with existing evidence (Hyland et al., 2006; Vangeli et al., 2011) . In contrast with prior literature (Borland et al., 2010; Hyland et al., 2006; Vangeli et al., 2011) , we did not find that ''motivational factors'' predicted quit attempts. The confidence score only predicted quit attempts in the univariate analysis. Ceiling effects (very high average confidence and motivation scores overall) may partially explain the absence of an effect. It is conceivable that the smokers in this study population of TB patients expressed high levels of motivation to quit smoking because both TB and smoking affect the lungs.
The finding that HIV-positive smokers were somewhat more likely to quit than HIV-negative smokers has, to our knowledge, not been reported elsewhere. In a study of American HIV-infected and at-risk women, no difference was reported between the annual cessation rates of HIVnegative and HIV-positive women. However, this cohort of women had overall lower cessation rates than the general population (Goldberg et al., 2010) . Cessation rates were also low in a cessation trial in smokers living with HIV (Lloyd-Richardson et al., 2009) . Indirect evidence from a literature review suggests that HIV-positive smokers may find it harder to quit than HIV-negative smokers (Rahmanian et al., 2011) . Factors that could compromise cessation in HIV-positive smokers are the complex management of HIV complications, dealing with a life-threatening disease and using tobacco to manage HIV-related pain symptoms (Rahmanian et al., 2011) . Moreover, concomitant substance use, alcohol use and co-morbid psychiatric disorders, all of which occur more often in HIV-positive populations, are well-established risk factors for failed cessation (Rahmanian et al., 2011) . On the other hand, HIV-positive smokers may be more motivated to quit because they may understand the immediate risks of continued smoking in the light of their serious life-threatening illness. Several studies have demonstrated that HIV-positive smokers are highly motivated to quit, or tried to quit in the past (Burkhalter et al., 2005; Shapiro et al., 2011) and smoking cessation trials in HIV-positive populations have shown favourable results (Lloyd-Richardson et al., 2009; Vidrine et al., 2006) . In our study, HIV-positive participants' motivation score was indeed slightly higher than that of HIV-negative participants [median score 9 (IQR 7-10) vs. 8 (IQR 6-10), p = 0.06]. Another plausible explanation for higher cessation rates in HIV-positive TB patients is that, in our setting, TB patients who are also HIV-positive may have received additional smoking cessation advice from health providers when these patients attended antiretroviral treatment care.
Our study has some limitations. First, this is a secondary analysis of results from a randomised controlled trial. We may therefore not have measured all the important potential predictors. Second, predictors were only measured at the baseline. Mediating effects of changes in baseline predictors on outcomes could therefore not be evaluated. For example, changes in self-efficacy as a result of a smoking cessation intervention have been identified as a mediator of cessation outcomes in other studies (Andrews et al., 2007; Vidrine et al., 2006) . Third, the sample size of the study may have been too small to detect certain associations. Fourth, smoking abstinence was by self-report. However, biochemically verified exhaled CO monitoring was offered to about half of the participants which served as a bogus pipeline procedure. Fifth, nicotine dependence was categorised in only two instead of multiple categories. Lastly, our results are derived from a population of smokers who participated in a trial at the six largest TB clinics in one specific urban township of the City of Tshwane Metropolitan Municipality. Our results may therefore not be generalizable to all TB patients in this municipality and even less so to TB patients from other geographical areas in South Africa, particularly rural areas.
In conclusion, this is the first study to report on predictors of cessation in smokers with TB who also have HIV co-infection rates. Results suggest that self-efficacy plays a role in cessation success in the short term. Coping skills training and more intensive behavioural interventions (re-peated and/or longer MI sessions) may help to increase self-efficacy, thus increasing the likelihood of abstinence. More intensive MI may also be helpful in increasing the proportion of long-term abstainers through its effects on increasing motivation to quit. Contrary to expectation, HIV-positive TB patients were more likely to quit than HIV-negative TB patients. In the light of the additional health risks posed by smoking in dually infected TB patients, this is a further argument for introducing smoking cessation services in TB care settings with high HIV coinfection rates, such as South Africa.
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